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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable reduction in unevenness of element 
temperature by alternately arraying codling fins and semiconductor 
elements with the cooling fins located at the ends and raising the cooling 
efficiency of the cooling fins other than the cooling fins at both ends so as 
to be higher than the cooling efficiency of the cooling fins at both ends. 
SOLUTION: Seven cooling fins 1021-1027 and six flat thyristor elements 
101 1-1016 are alternately provided in parallel with the cooling fins 1021- 
1027 located at the ends. Cooling media for the cooling fins 1021-1027 are 
introduced in parallel through insulating pipes 1041-1047. On the insulating 
pipes 1041 and 1047 at both ends, flow rate regulating valves 1051 and 
1052 are provided so that the cooling efficiency of the cooling fins 1022- 
1026 other than the cooling fins 1021 and 1027 at both ends is raised to be 
higher than the cooling efficiency of the cooling fins 1021 and 1027. Thus, 
unevenness of temperature of the thyristor elements 1011-1016 may be 
reduced. 
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* NOTICES * 

Japan Patent Office is not responsibl for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the semiconductor device characterized by cooling effectiveness of the other cooling fin being high 
compared with cooling effectiveness of a cooling fin of both endmost parts in a semiconductor device which a three or 
more flat tip semiconductor device is cooled by cooling fin from both sides, there are more a cooling fins than the 
number of flat tip semiconductor devices, a cooling-fin and flat tip semiconductor device makes a cooling fin an 
endmost part, it is arranged by turns, and a cooling medium is introduced into juxtaposition at a cooling fin, and carries 
out pressurization contact from the exterior of a cooling fin. 

[Claim 2] It is the semiconductor device which it is a semiconductor rectifier according to claim 1, and a cooling fin of 
both endmost parts is air blast quenching, and is characterized by for water or an oil circulating through the other 
cooling fin, and cooling it. 

[Claim 3] A flow rate of a cooling medium [ in / it is a semiconductor rectifier according to claim 1, and these each of 
cooling fins circulates a cooling medium, is cooled, and / a both-endmost-parts cooling fin ] is a semiconductor device 
characterized by being fewer than a flow rate of a cooling medium in the other cooling fin. 

[Claim 4] A semiconductor device which is a semiconductor rectifier according to claim 3, and is characterized by being 
lower than conductance of the other cooling fin in conductance of a circulation path of a cooling fin of this endmost 
part. 

[Claim 5] It is the semiconductor device characterized by being a semiconductor device according to claim 1, and 
thermal resistance of a cooling fin of an endmost part being larger than thermal resistance of other cooling fins. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention is concerned with a mass semiconductor device. 
[0002] 

[Description of the Prior Art] In the equipment handling mass power, such as an inverter for rolling mills, the 
semiconductor rectifying device which has high pressure-proofing and the rectification function of high current capacity 
is used. There are elements, such as diode, a thyristor, GTO (gate turn-off thyristor), a triac, a reverse flow thyristor, and 
an insulated-gate mold thyristor, in a high resisting pressure semiconductor rectifying device. As a semiconductor 
rectifying device of these large capacity, it has two main electrodes, and pressurizes from both this main-electrodes side, 
and the flat tip semiconductor rectifying device which takes electric contact is used. 

[0003] Moreover, with mass equipment, it connects with juxtaposition, a serial, or a bridge type, and two or more 
semiconductor rectifying devices are used. It becomes difficult for a semiconductor rectifying device to cause the fall of 
the voltage stopping-power force, the rise of loss, etc., if the temperature becomes higher than rating, and it to obtain 
normal equipment actuation. For this reason, a mass flat tip semiconductor rectifying device carries out the 
pressurization pressure welding of the cooling fin to both sides, and is used for them. 

[0004] As such conventional technology, there are some which are indicated by JP,57-183060,A, JP,58-131754,A, and 

JP,59-9949,A, for example. 

[0005] 

[Problem(s) to be Solved by the Invention] In case a semiconductor rectifying device changes from the switch-on of the 
forward direction to an inhibition condition, there is an inhibition condition recovery charge defined with the time 
quadrature value of the flowing current. This is henceforth called Qrr. The assignment of voltage is determined by the 
value of Qrr when connecting many mass semiconductor rectifying devices. That is, the stopping potential impressed to 
the big element of Qrr is small, and the stopping potential impressed to reverse at the small element of Qrr becomes 
large. For this reason, failure of an element may be caused when dispersion in Qrr becomes large. For this reason, when 
two or more elements were connected to a serial thru/or juxtaposition, the semiconductor rectifying device to which it 
was generally equal from that of an element property was chosen and used. However, even if it uses the element of the 
same property, when variation is in the cooling engine performance, the temperature of a semiconductor layer differs 
and the property of the element itself is made to produce fluctuation. 

[0006] In the above-mentioned conventional technology, dispersion in the rate of cooling power of a semiconductor 
device is reduced. It is heated as the temperature of data medium keeps away from a fan, in order to introduce into series 
data medium used for cooling at a cooling fin, and it becomes an elevated temperature, and element temperature is made 
to produce variation. It was the technology of reducing the temperature gradient by the distance from this cooling fan in 
these conventional technology. When a refrigerant is introduced into juxtaposition, the temperature of a refrigerant turns 
into the same temperature. Therefore, the temperature variation of the cooling medium produced at the time of the 
installation to such a cooling fin is equalized. 

[0007] However, although three or more flat tip semiconductor devices introduce the same cooling medium into the 
cooling fin of the same amount and the same structure, give an almost equivalent load to a semiconductor rectifying 
device and are producing pyrexia when those each is sandwiched by the cooling fin, makes and pressurization contact is 
carried out, the voltage assignment of the semiconductor device of both endmost parts becomes large. 
[0008] 

[Means for Solving the Problem] In a semiconductor device which a three or more flat tip semiconductor device which 
has a rectification function in this invention is cooled by cooling fin from both sides, there are more a cooling fins than 
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the number of semiconductor devices, a cooling-fin and semiconductor rectifying device makes a cooling fin an 
endmost part, it is arranged by turns, and a cooling medium is introduced into juxtaposition at a cooling fin, and carries 
out pressurization contact from the exterior of a cooling fin, cooling effectiveness of the other cooling fin is raised 
compared with cooling effectiveness of a cooling fin of both endmost parts. 
[0009] The above-mentioned means has the following operations. 

[0010] First, a trouble indicated with a technical problem which this invention tends to solve is produced for the 
following reasons. 

[001 1] Generally, a flat tip semiconductor device is cooled by cooling fin from both sides, there are more a cooling fins 
than the number of semiconductor devices, and a cooling fin and a semiconductor device are arranged in by turns by 
making a cooling fin into an endmost part. As already stated, a cooling medium is introduced into a cooling fin in order 
to attain equalization of element temperature. Therefore, when carrying out three or more piece pressurization contact of 
the semiconductor device, a cooling fin of an endmost part will cool only a semiconductor device of an adjoining 
endmost part. 

[0012] On the other hand, since it has a semiconductor device on the both sides, cooling fins other than an endmost part 
will cool two semiconductor devices of the both sides. 

[0013] In case a cooling medium which flows in a cooling fin passes through the inside of a fin, the heating temperature 
up of it is carried out. For this reason, it compares with rise temperature of a cooling medium in a cooling fin of an 
endmost part, and a direction of rise temperature in the other fin becomes large. For this reason, cooling effectiveness of 
a fin of an endmost part becomes higher than cooling effectiveness of the other fin. Therefore, temperature of a 
semiconductor device of both endmost parts which adjoin a cooling fin of an endmost part where cooling effectiveness 
is high becomes lower than temperature of the other semiconductor device. Consequently, if temperature variation of a 
semiconductor device becomes larger than an allowed value, Qrr will become low rather than a semiconductor device of 
others [ semiconductor device / of an endmost part ] by the temperature dependence of Qrr, and imbalance will arise in 
reverse voltage impressed. 

[0014] Then, a heat flow to the above fins of an endmost part presupposes that it is equivalent to a heat flow which 
flows in from one field of other fins by raising cooling effectiveness of the other cooling fin compared with cooling 
effectiveness of a cooling fin of both endmost parts in such a semiconductor device. Consequently, it becomes possible 
not to be concerned with an endmost part or the interior, but to make equivalent temperature of a semiconductor device 
of both endmost parts. Furthermore, by making temperature of a semiconductor device equivalent, variation in Qrr can 
be abolished and also variation in reverse voltage impressed can be reduced. 
[0015] This invention is explained still more concretely. 

[0016] Air blast quenching of the cooling fin of both endmost parts of the above and a semiconductor device can be 
carried out, and variation in element temperature can be reduced by circulating through water or an oil and cooling the 
other cooling fin. This is because a direction of water cooling or an oil-quenching fin is excellent in heat exchange 
effectiveness, so thermolysis effectiveness of the internal cooling fin improves rather than a cooling fin of an endmost 
part compared with an air-blast-quenching cooling fin. 

[0017] Moreover, but, in order to also reduce the number of water cooling or oil-quenching fins by two per module 
compared with a method by the conventional technology, since [ being the same ] a flow rate per fin increases, a flow 
rate of a total circulation cooling medium can aim at reduction of element temperature. 

[0018] Moreover, by reducing a flow rate of a cooling medium in a both-endmost-parts cooling fin rather than a flow 
rate of a cooling medium in the other cooling fin, rather than a cooling fin of an endmost part, thermolysis effectiveness 
of direction of an internal cooling fin can improve, and it can reduce variation in element temperature. Moreover, since 
flow rate of number of fins per fin increases in an internal fin compared with a method by the conventional technology, 
reduction of element temperature, reduction of loss, and high reliance-ization can be attained. 

[0019] Moreover, accommodation becomes possible freely about amount of water of a fin of an endmost part by having 
a means which lowers conductance of a circulation path of a cooling fin of an endmost part rather than conductance of 
the other cooling fin, and same effect can be acquired. 

[0020] Moreover, when a cooling medium of the same flow rate flows also in which fin, temperature of a cooling 
medium in an entry of a fin can give distribution to a rate of cooling power of a fin by setting up highly only about a fin 
of an endmost part, and can set element temperature constant. 

[0021] Moreover, by having a conductor and pressurizing with this conductor between a semiconductor device of an 
endmost part, and a cooling fin of an endmost part, accommodation of quantity of heat which flows on a fin of an 
endmost part is attained from an element of an endmost part, and element temperature can be made regularity. 
[0022] Moreover, thermal resistance of a cooling fin of an endmost part is made higher than thermal resistance of other 
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cooling fins, quantity of heat which flows on a fin of an endmost part from an element of an endmost part can be 

adjusted, and element temperature can be made regularity. 

[0023] 

[Embodiment of the Invention] A drawing is used for below and the example of this invention is explained to it. 
[0024] (Example 1) The flow rate of the semiconductor device (it is described as a thyristor module below) which 
carried out series connection of two or more thyristors which are the first example of this invention, and the cooling 
medium which flows to each cooling fin was shown in drawing 1 . This module consists of six flat tip thyristors (1011, 
1012, 1013, 1014, 1015, 1016), seven cooling fins (1021, 1022, 1023, 1024, 1025, 1026, 1027), and apressurizer 
(1030). 

[0025] Pure water is used as a cooling medium which flows to each cooling fin. Pure water is introduced into each fin at 
juxtaposition via the insulating pipe made from Teflon (1041, 1042, 1043, 1044, 1045, 1046, 1047). The flow rate of 
pure water is adjusted by the bulb for flow regulation (1051 1052) by the Teflon pipe introduced into the cooling fin of 
both endmost parts. As the graph of the drawing 1 upper part shows, cooling water was introduced into the fin 6 by part 
for about 12.51./from 7.51. a part for /and a fin 2, and was introduced into the fin 7 by the 91. flow rate for /at the fin 1, 
and each thyristor is cooled. 

[0026] The thyristor module and the element temperature of each thyristor by the conventional technology, and the 
reverse voltage impressed in a turn-off were shown in drawing 2 . It consists of six flat tip thyristors (301 1, 3012, 3013, 
3014, 3015, 3016), seven cooling fins (3021, 3022, 3023, 3024, 3025, 3026, 3027), and a pressurizer (3030) like [ this 
module ] drawing 1 . It also sets on which fin and is 7.1. The cooling water of the flow rate for liter/circulates, and the 
water temperature in a fin entry also serves as an almost equivalent temperature. The amount of water of the sum total 
of seven fins is the same flow rate as the example of this invention shown in drawing 1 . 
[0027] Element temperature when the module of drawing 2 is performing continuous action is 51 degrees by the 
element 6 65 degrees in elements 2-5 37 degrees with an element 1. Moreover, with elements 1 and 6, the double 2kV is 
impressed to the reverse voltage impressed in a turn-off being lkV with elements 2-5. 

[0028] On the other hand, the element temperature and reverse voltage of a case of the example of this invention which 
were indicated to drawing 1 are shown in drawing 3 . All the reverse voltage of element temperature is fixed 50 degrees 
at 1.3 kV. Moreover, since reverse voltage is equalized, total loss is decreasing about 5% compared with the module of 
drawing 2 . Moreover, the element current at the time of a turn-off and an example of element voltage were shown in 
draw ing 3 . The element 1 of an endmost part shows the property equivalent to the element 2 of the inside. 
[0029] On the other hand, when current decreases to the same timing as drawin g 3 to drawing 4 , the example of a 
current potential wave in a module is shown conventionally. This Fig. shows the wave about the element 2 to which the 
element 1 with which the greatest voltage is impressed at the time of the turn-off shown in drawing 2 , and the minimum 
voltage are impressed. 

[0030] With an element 2, a period until forward voltage is impressed after reverse voltage is impressed is short 
compared with an element 1 , and since forward voltage is added in time amount shorter than the turn-off time of an 
element 2, after forward voltage is added, a break through will produce and carry out the turn-on of it. In order to 
prevent such malfunction, it is necessary to control by the conventional technology from an external circuit so that the 
turn-off period beyond the turn-off time of each element comes. On the other hand, according to this example, a control 
range can be extended till a "off 1 period equivalent to the turn-off period of an element. 

[0031] Although, as for loss of a semiconductor device, the almost same loss is produced at the time of steady operation, 
a gap may arise from the optimal amount of water to which the amount of water which loss is changed by fluctuation of 
the amount of electric power transmission by fluctuation of a load etc., and is shown in drawing 1 makes element 
temperature or a voltage assignment homogeneity. In such a case, what is necessary is just to control amount of water as 
follows. 

[0032] drawing 7 - amount of water - the mimetic diagram of operation part is shown. The monitor of the current (II- 
16) voltage (V1-V6) of each semiconductor device is carried out at any time, data processing is performed based on the 
constant given beforehand, and element temperature can be controlled to the temperature set up beforehand by adjusting 
amount of water based on the result of an operation. 

[0033] The model of the module used for drawing 8 by operation part is shown, as the parameter given beforehand - 
the thermal resistance (RthA) from the semiconductor substrate of a thyristor to an anode pressurization electrode 
surface - they are the thermal resistance (RthK) to a cathode pressurization electrode surface, the thermal resistance 
(RThf) from the cooling-fin surface to cooling water, and the contact thermal resistance (Rthc) of a semiconductor 
device and a cooling fin similarly. Loss of each semiconductor device is asked for this based on an observation. The 
thermal resistance (from RthWl to RthW7) of circulating water with which the temperature (Tjl-Tj6) of each 
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semiconductor device serves as a predetermined value is computed based on these values. Furthermore, the amount of 
water of circulating water which serves as these values is computed. Even if it changes loss by fluctuation of a load, at a 
high speed, element temperature is controllable with this. 
[0034] (Example 2) The second example of this invention is shown in drawin g 5 . 

[0035] This module as well as an example 1 consists of six flat tip thyristors (101 1, 1012, 1013, 1014, 1015, 1016). 

Moreover, there are five cooling fins (501 1, 5012, 5013, 5014, 5015) which circulate an oil coolant. Furthermore, an 

endmost part is equipped with the air-cooling cooling fin (5021 5022) which took the large contact surface with air. The 

pressurization pressure welding of these thyristors and cooling fins is carried out with the pressurizer (1 030). 

[0036] Compared with an air-blast-quenching cooling fin, since the direction of water cooling or an oil-quenching fin is 

excellent in heat exchange effectiveness, rather than the cooling fin of an endmost part, thermolysis effectiveness of 

direction of an internal cooling fin can improve, and it can attain equalization of element temperature like an example 1 . 

Moreover, but, in order to also reduce the number of fins by two per module compared with the method by the 

conventional technology, since [ being the same ] the flow rate per fin increases, the flow rate of a total circulation 

cooling medium can aim at reduction of element temperature. 

[0037] (Example 3) The third example of this invention is shown in drawing 6 . 

[0038] The pressurization pressure welding of the seven cooling fins which circulate cooling water is carried out to six 
flat tip thyristors with the pressurizer like [ this module ] the example 1 . differing from drawing 1 ~ between the 
thyristor of both endmost parts, and cooling fins - thermal resistance compensation - it is that the conductor (801,802) 
is inserted, thermal resistance compensation — as for the conductor, metals, such as molybdenum, a tungsten, and 
copper, are used. Moreover, plating processing is performed if needed. In this example, oxygen free copper with a 
diameter of 155mm is used. Moreover, several microns nickel plating is performed to the surface. Moreover, in order to 
prevent producing thermal resistance which is greatly different from a layout value in the contact surface with a cooling 
fin or a thyristor, surface lap processing is performed, and for the display flatness of the contact surface, less than 10 
microns, the parallelism of less than 10 microns, and field roughness are 0.5. It carries out to less than a micron, thermal 
resistance compensation - a conductor can also be considered as thickness different if needed 801 and 802 
[0039] To all cooling fins, the pure water of the same water temperature and amount of water circulates, thermal 
resistance compensation - in order that a conductor may restrict the quantity of heat which flows to a cooling fin from 
the element of an endmost part, all thyristors serve as the same element temperature. 
[0040] 

[Effect of the Invention] According to this invention, the element temperature of the flat tip semiconductor device by 
which a pressurization pressure welding is carried out is equalized, and the variation in a property can be prevented. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 
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